


er-u 'arhw>l<?i 8|f% ^$pa ^jetlcul <il»il*iR<i» fafosil *dt£^ i 

'fiPTC' '^1 <p»imP| *1%?T Skilletl I *|%?T ^?T I ^Bf 

c%»ito 4Mnfi4 ^?r -^lerfsto *m Mt 

■^Wl Stt% f^t 'SR^Sf ^f®w ^1*# 'Sim frtf^ ^tt®t Ws ®itc^ 

i #^r *rft5i«Ht?r TSF& ct ’•far cmtvR ~s$, &r »ftff tbpu c^ipn n &mem 

vsfotns 'vH«& <?«<.'» l <sm<i «ily»ilp*il 

(Bioenergetics)-^ ^fT ^Pn*U i ^ ^T*0tC5l ;> Mc<p «i1c«i1i>*i1 





















*><t 



4$cw 


sim "*1^ tepr %hm (atp) mm mm *im i 
>i!c«iM»Rtsw sifrsift ^m\ 2 p^f% mm mm *tm i 
*nwi**i?arac e t' tjMwiPH TOii* ^fwt mm mm mm \ 

• j ilc«il < p j i?'C8lwt^' £i'ohc < P5i ^fwt ^fat mm i 

^iwi^wwprt #?i?r mm ymm mm mm \ 

i ^ 5 h ^jnjt ^c'® *im i 

mw « wtts i pm^ mm « ^jwjt ^?rc® *n?rei 

^Ic^I^sCSW' ^ ^JWJ s §®1 e ll <P1\Q& I 

stem csHwii*H « ^rm ’if^r mm *tm i 

W vot^ *tfHw ^vo i 

«fNj 5j*§C® Sf'SC^TS 'smll ^t 5 #* <M0» SfiklS £|f% ^RC 

1*Wi 


^RT-S), ^HR'SsM- S)^-io^r @|f«T 


































'b'fs 




4.1 « ATP-tqif 

teR*t% (bioenergy) fen C^tWt ^t i 

*hMR«a|t«i *t%?T OT TO»t W3TH stilts. '®T CSlW, ®|HM ^ ^t &SR 

^ m*iiiiR* w % ^?mr >ff*0CT stt*® «ift « 'sdar i 

C^fW '*1% ' 5 i\£t^ <pm, ^R^'s > ll®C^ s ^<P^f C^lt^ 'S| r U^(.*f *lRHf'S'o <PW, ^faTf ^t 

w c*tw ■*!% *mz *tf^c*r fita cro i 



ffcaj 4.01: 'flUlfibWlPlH ¥j|VMt*Nl»H (ADP) ^TW ^>iw5 (P) 9 ^ «IJlfijMlf»M JJlVWWiS 
(ATP) > 1$'® T&® **i% 3 i?H<5t5 <^$1 fijtills?*), ATP W(.® ADP O ■N* J 1C,<PL> 

Wl1»R ^5T m *t1% f*T*f® M I # ftlSRJT WTO W® «ITC* i 


DNA RNA-<*RT ’11^^ ^Tt ®Pt$5f^T I ^ ^I^GylC'Sf*i C^f I 

^ ^ ^ ^ ^ 'auifewiPM i ®witewii»M 

^r *iw *i<uwpi 4^, ^fl> ^ «p ^ ■^pr 

Wlfk=#R IfllWfS (AMP), 'olJlf'bMlPH v5l^PR?plj (ADP) «£RS «UlfiwlPM tl^P 5 ^ 
(ATP) «tfcr WI *HW& ^ ^?TC® *1% %® ^ l «£ft ft%TM ^ 

(phosphorylation) i 4<T f%“#® alQssftr, «£*f ^ *t% 

C<RT ®ItPT i RftilH ^ (dephosphorylation) i alfetflM 


*cOb- 





































































ATP ^<$0 «P^Wi3 £[t*f 7.3 facfltojhEi (£fl? 30.55 R i C«ll'g«l) ^ Wit *NW I 

*ito*t *r*k to ^«rt ^cn *ifwfSfo 

witst 'Srt to tot coffer wwt >n$c&i«1$tii wrc sttto i tow $w*]H 

3 at*rcW?' i>ic>bvi (iiw^ tom £wt wt, to tot *$$ %w?m (<mwt: $to) 

mt (TOO W<5#®tel%T ^JT *tto ATP-4<t TOP# tolW Wit Wit l 

TOfa, ATP-i*m WfRlto WH CvG 8 <m *1^ CW WI, C 5 ^ *t% tot ethtic** 2ttoi> bst<il*i<P 

to wfo, wroiPRr m?:tTOT cro* wm wmt cwf ■^wt wit, ftswt 

CT'Qmf Wft Wt, toft <P^I C^lW> r|Pi-<M*iI, CW^ 5 £iWH, cic^ '®t < mMI 

$><p W*lt CW^ 5 ^[ <pw (.1W.S £|R>f5 (.<p|c*)?i •*<iMR < p y oil?) v s*i <i®tlo Wit WI1 

wrat <m wim ^t wto wr, <m$ wm cro* to® -*i% wit *wyH«ftw*it*M wow 

TOt<t C^ 'SfiSt ^ $TO CW5t C®TC^t ATP fc®f^t WI I '*1%^ Sicol'St '1 'at ^5tfiS I 

TOm wo c«iw '*1% to TO?t cwst TOti <o cw wf towto \ atp *# wit 

TOTO WR TOtWt ^IW WO RQ^illil ’Ift *m«l* TO I <4wo atp-<?f w?pf wm 
‘tem^St* ^t “*t% '5ST (Biological coin or energy coin) Wit WI1 


4.2 (Photosynthesis) 

\5tvscn-s) faf*f^J TOIt w 4W Jj<ic«llC<M t&*rf*$lto® Wto ^-'0|^||^v«j 

(C0 2 ) WR *11^ CWF W ^l«rl'Sl« Wo Mt TO i *qBf $to <Mtol$^i3 

'stl'ak WO fcsfo ^SltO 4 S^m mtWtWRWWf (Photosynthesis) Wit WI i <4$ stfwim 

wmito ^*ito iwsto wt i ^er ^to si^s wo tsftst tot to wot<t 

wo stwtsto 1%‘®tr#t?r silwrt wwr <p^c^® ^Rf*H5 wo wt, ^ w® 

ww w©m <m \ ^to ?\to ^ WRwtf^ « wopo #w^ 

^ttWtWOXgW^ WO 2tWM% ^‘'IWt^O '5Wt: OOWlto, *tlf^ W^T Wl^- 
'®i«|Ir'!9 i ^TtWtWOXSl^ 4 ! 5ihl?iPi<p (biochemical) RQ»?il, (?lf& ^W^l: 


6C0 2 + 12H 2 0 


osnaif^i 


c 6 H 12°6 + 6H 2 ° + 60 2 


w»m csiwito fit^j w^tfwr?^gR e t siIwh stwi ^wt i ^wiw 

■sit*ow *n^ (Tom®! to wwt wwiPH 1^ awtii^ ctfm ^ ctot ^t wrat?a^ 

■sitTO ^ cw co 2 «iw to, '*0 csiwito oownttc^ c^ffw i vw *nto 


























































































b\r 



f&ai 4.02: 

C0 2 Si^r I <ll^«9C®1 0.03% <#TCs 0.3% C0 2 «rtt^, '»1^ ^TSt vSlvBCH 
^ ^IffTSf \§%1 <?lt3> CTf“t I 

«ife|G'sr*i ifRv <#T 3 ilc°iH }; >i\tSht c Hl \5*t'Sft'o (by-product) i 'Sr1< c t-R'Srk c t 

Sl^It (oxidation-reduction process) i 4 3 0^1*1 H 2 0 'Stiffs ^ C0 2 RerlRi'o i 


4.2.1 



g^lt 


Jilcfll^OTSm ^SrfiNr i£R* sfm\ i 1905 ^5X^S? sPt^OR 

(Blackman) <4 SlfoillM 1 ^ '5f 5 t <PM*I1 *Nfa ^ 3,G s ll ) '=>l1c®l1<pT*i v »^ (Light 

dependent phase) <*Rv 'ailc°il<P Pl^C 9 !^ (Light independent phase) i 





























TO <?m 







tfefl 4.03: ’W'FS ?t cTOt 


(a) 'o(lc*il < pR'o^ *l*fa (Light dependent phase) 

«HwH»Rwi w\s TOT i «fl *rtfes 

^ I 4 sH^m ATP 0®Ulfcwlf*M NADPH (fieri*'® fi«>in»Hl»lft'b TO^W 

'»RRSIi > '8i5l^'!9 <mg<pi>) <^l^v H + (Rl^osalceri ^T C2tf5*T) ^ i ^ iJ’Thsf?^© *|f$ 

atp-4<t toj ^¥s ^?r i aft fiftiii* cjMwlRH TO? to i «Mwlfo*i wt 

TOHMfiH (SpI^T (photon) tfW TO 4^i (TO'tf'o CTO ■“!% TO ADP 
(eUlfeMlpM vblVwwi) (Pi = inorganic phosphate)-^ TO 1TO» TO 

ATP fcsfi ^C?T i ATP ftsfi?' £il^<j|c<P <pgi>1«p>>ig<pI<i I$g®i" t*T (photophosphorylation) 
TOT i 


ADP + Pi 


_^W_ 

WlculPH 


■*• ATP 


^ITO 4H CjMMlftw* TOlWJ <#T fiuilfirv® To « $W*JH 

^ i <4 2l1i»?ilc<P ‘‘lift* ^pcoHI^Pi^i (photolysis) ^®Tf ^ i 


(b) , o(lt*il^» (Light independent phase dark phase) 

tom> *rttar TOim sm^ TOm *to& to tom ^TOfro's £t%?it 

BRIG'S TO I <11^^30=13 CO 2 "SPff (►TC4J g<pIg*) £lc^*t <PC3 I '0|lG er ll<P *tTO frofi ATP, 

NADPH <*T*R H+ 4^ mm TOTO *T<tar C0 2 TO 4lw1^l^(,l3 TOfa 

^ 1 TO? CO 2 fiTOTO TO*W TO& wt TOTC5 CT^Ii TO5 *JMRh w, 

To « ’TO W 43i M»*lwI>UllH ‘TOs ftTO 1 TO?r toj sm TOlMl 

(WQTTfTOt I 
































































so 



ffca 4.04: JHWte-HWItWta ^R> tfW- *rfoi« 4 >JMRh ^ 

(i) <WMRh W4t C 3 (Calvin cyde C 3 cyde): C0 2 4 »lfa*NOT 

<wmRh-(?h?r « w <wmRh w ^ ^?n 

<whR>i ^t?r 4 'oilR^plw^ 1961 ^ <.*il<.s®i ^■"‘pls ^tt 5 ? i 'Sftscn ^ slfoiih 

■*l^T fcsft 4<r? sm ^^iift *n< 3-4»i4hRPN> *\9fs ^w\ 

vSl^nc<p ^teT C 3 i 

(ii) ^JtE 'Q #8 T)l4» ^ ^t C 4 *tfa*W (Hatch and Slack cyde ^t C 4 cycle): 

Rvasl^l M.D. Hatch « C.R. Slack (1966 ^TlteT) C0 2 RorWltH ^ 

i (ii^ *#<1^ sm ^rtt 4 -<i>i<hRW «miwi 

c 4 «iffc*w ^r i 

c 4 Sfew '$jt^ 'Q w 4»ihF»i w *lI4t>lPi^a c*NT *rt?r i c 3 SIvkns 

c 4 ^%7t ^iwi^w^bt ^ «Pr ^*h*r c#t 1 5i» ^Bt, ^w, 

'oi'oN vSlvsn, "spit '*IPT, 'auMs r iJ v IPT (Amaranthus) ^'oilR Sfisw C 4 *lRit>lf«i's ^ i 


4.2.2 



csMwIfowd 


’ft^m csHwiPpwd *nwt <rc?rc^, 

^IC"lM>*l% sm * I <J^5ST GSfcgTlfl^ ^ ^ ^ ^ 
^RCStf^s ^ I OstOTI^ ^ OstOT^ ^ 9 tmK ^JCSBT fc 9 !* 
*ik»ih»»uraiTCfir ^ R'»4*il«n i ^rt^t^rccsw ^r$t ?p^t ^?n?r cspi«ii?itEs>?r RR»*i 


4S° 










































































##*!% ^ 

2t5?T ^8TIt £|«ll®t*11 C^tW C#t CSPlwlf*P«1 

4*i«tl$c,*m 'oi'oM <Ft*lt <7t?I <4^ ^lc«ll<P J lvC5f^ e f ^csi Tift I 

4 . 2.3 ^f^t 

’rtcnfo^rcoH't s^m ®iimi 4 ®r*if3%r i ^ co 2 csk?p Mm w 

2f»% *(m ^ I JjtflMl* <#lMlpM Wfefcsf ^ 1 JjtflMlW* 2h5tc^ 

^r, co 2 *ifl5t?r stm ^<rc® « 4 ^ ^ wnstsi't 

^ 1 MtM *k®, ®rf® w# >nwi<»isxsm 

1 «iM<i voil(.«il<p<i4lPi<i MH, %T, <p»H wife's*. ^lc«il<M“'tSt^ e t ®tM 

1 ^sf %5^t 'oilwk'® j il(.«il<p j i“^5f^ e f ^?i ^t 1 RPrw %rf *tw 'oilwl^ 
<iiv»c«n j iic«ii<p j is^sr^ c r^ ^ftre c^t® irt?i 1 'oilwk *tf?n>n c t c^c® cotter 

*n®i?r Rj^?h»n ws^izim, <#imiPh ^ 1 wt wtowm 

'^fa'G ^CSf ^Tt?T 1 400 nm <?IW 480 nm 680 nm (*ul(.*ill»u>ls) RPlv 

«HWlW ’flOTfa’Kafa't >l<KKil ®tM^?n 

4.2.4 *lk«'ll<P*K(.sh<. e fa «M<W 

<*res <#imiPh W's ’tiroft’Kaw st®iw fw 

2t®tWt^It 4lfo<P ^®F®fH I £|'0hc<P« ^■'if^tf®, ^f- 

C#t WlT^rsJSftCfa *tf?Plt e f'Q ^f-C#t «lt^> i '55^: 

(a) 

(i) 'Mttftf: 4 i 

(ii) ^l4*i '»I^-'o|5|R'!»: <pI4*i ®1^ J ®r$fl^® ^l®| •*ilc o 'il <i M?C5f 5 f e f Okie's *llc<i *Tt i 4 

sl&m ct *ms s^s ^ ^#r ^-®ren^® #stram wft ^ «nw i 

■^t^T ®l^-'0isq&<.®s *tt^H 0.03 'Sffl, ft*? 4 Slt^flk »1'©<P<il 4^ ®ffi <#® '^T^T 

*f^5Tt c t'8 WC® I 'SW <^14*1 v5|^-'3|S!|Rwtl ‘ 5 lf^ s lT e t 
^ c.4pt c4c® c’tMT *wm cm/f&\ t^piwo ®ra^ , Q c^c® ^iri 
^ ^tl(.eil<P^«X5|Wl^ "^51 m I 


(iii) ^5t*Wait: *HWl4*UOW f^m 2f®tW ^t®t i 











































































3* 




fa? (0° C*l«lPml>l t iRT W^tfl) «tflH (45° t^Pmiwn 

4 8|@Rir i>« 1C'© *tfc?T *Tt I J llc«il < P J iSX8t^ c f £|%?It^ *tf?lfaa (optimum) ^©f*fa|3ff 
22° c*mPuii*i 35° <#<© i ^mtsrr 22 0 w^Pmiwn m 35 ° 

c*MPniit*iii c#i ~$m *iiMH»rcaiTCfir ~$R to *ira 1 

(iv) *ttfa ^IWl^OTJW ll Rfa ftafa? C0 2 (& WU 8|CTt«f% 

H+ (*l$«al«M ^RR) *llft C«i^ I *Tlfa? ^jPT ^tSBlFSR 

^ W *iRr 1 Wf <(M>i c«tw CO 2 ^tijtsi^o ^?r 1 «il'sfo« <nft 'iliJl'os 

Wf ^#wr fap& w ^IIWM^ISISRR ^1W* ^0 *HCJT I 

(v) «ifeio6M: «if^K,«rcHii w? c^s JUMi^sratTORr ^ ^Rr ^rm 

^ifaos?W4 w c^r >11 wl^^wWC'Br ^Rr <?rc® -qra 1 w *lfa<n?f 

'>il<.«'il < P'>iSX8fa c t ^Pfff ^ «ft^ 1 

(vi) *fa<: CjMMlIWw 2f*iH fc*foRI*t ^ HftcSlWM *0 WmPR|I»I I OW? 

*|F5T csplwlPH ^TCCSfat <p*h.'o * ^t, Wf *m *lRf I ulcere, 

■snfifo® ^iwi^raawc'Rr ^ *irt 1 

(vii) *l»1lilft4 *Rt<: CjMMlwai, *lM*M$fc, fa«R ^t CTlCTt fall$ *tJt*T 

«tlWT '>il<.«ih”i!&8RE c t <J|V||vs ^U> ^t ^C?I ^H?r 1 


(b) ^sp^fH 

(i) CtflMlfa 4 ’!: 4 «llMlHl 


(ii) Hl'olt) 4iJ J i 'Q ^R^lJt: <pB *fF®f ^■N 5 *fPsRl cjplc<il(<p(.«i<i ’iRwK 

"^sf ®II(.<P <u.«i • J ilc®il<P' > istC§r^ c f <p*i "531 1 ^RJ m$ ^lC’4 csplwlSHc. J i5<i ^I? 1 *lJt'Q C^f*i ^1 
' s r*tT^TT^t *iM?l C<lPt *IU> 1 *fl«lil ^f^ljt C^f*i ^c«i 

«Pr^n 


(iii) •|¥*ln v lGNM: J llc <? ll<l>'>l°tSR e t i>«ih>l<^*i *i<£sil<l "^T ^®f ^5?I 

1 Rc.4»c«i ’ftm c^f*f ■*r% ■®Rt ^ ^ic«ii^sxgt^ c m ^ "sp^ ^?r 1 


(iv) ^iRillW: *|U|PHll« 5 l *llMl 4 * 1 <B|TCfir WT c^s ^Rr i 

^w,ws 4 s^m ^if%m to ^ 1 

(v) *iiwi^«8Nc B Rr ^j mm \ 








































































4.2.5 

faro >i<tcbc^ &ro <flRt#pp fi&tt i 4 fifrsira ■sitwi^ ajtfiwi* 
31 <R <Sl4C«M TOJ C5^«C ^ I frtTO «IIWlMl (TO* »1lMH>»1<WfoCTO ^ 

tot to i (£i ftfrom totot ^ to ctot crot «a siQ>to 
&R 4l»H«Pto TONRt TO ^faR>® 4MW i 

TO*® *1%^ TOtt 1 3 )toT 3I ^sf vSIvsir 2|1toI*i sN*iPi<p 

*i%® <# e tvo to tor toj tos® to i ctoi sn^ w faro to si*^® 

toc^® to *rf i ^imt to %ro ^fl>, to, to, fro ^®jtft ^ my 

CTO, TO StTOF ^t TOlWlW ^Sf (TO* CTO «nf% I •TO'SR, TOlR 
TOT ^R$f £tlf®^*«T vSlvBWS TO ^Sf \5fipf 3) TOJ gf 5 ^® 

: TO »ll(.«ll<M?TO e t SifTOR l <pIcsr ^®Tt TO, RTOT 2lt% TO £i*S^® TO 

toito^toto tom i *tfroTO toto tor, Itor to o 2 « co 2 - 3 r 

<rro tortow gtfroi <iw from ^fron tor to to* i ^p® ^osh to?r 

itt 20.95 TO 3|<R C0 2 TO?R ’tfTOl't 0.033 TO i 

<3®%® « 2tT%T Rl^tfw 3|<R TO ^S 31 ijfr fro *|folM 

RMfi* *tftR TOPS® TO I 31 ’rfroTC'R »J ^>OT ^r^T #WtCTO TO ^R*M TO 

i rtot wtft, ?r (fcfa? « sn%) ?r tocto to wQri ^» to* i tor 

0 2 SfTO "TO 3R* C0 2 TOt l C^»T 2f%nt t«\VS «TI^T <51 ^^0=1 0 2 

«ut^ ^n®T 3i^ co 2 ? fflc 5 ra ^nf^R 5 ! (?f«tt fw i 

^sf®»r c«tw co 2 sJ^f 3R? o 2 W’t 3i*R's ^[sf^r o 2 'Q co 2 ? ct^ 

^l^s "55^ i v®w ^vssdci ^srfw Wf <il^'ajc«n 3) ^ «jjt^ 

^i^® ^ ^8 th^ *em c^ %?n^, «pic^ ^ifw ^ w i 

■snwrsrsi^ ^rsf^# 'oici<pi<c*f ^t ♦iwi^'oiM i 

^W, (CW C^R, C^wto, <JHt<0, &W (CW 

■srat^T), ^®lt, c*dH, ’01R 2t^ fcfof (^ ^Tft -Jim i ^ 

vih<i>i^i if<RTj ^ ^ i ^n?rm^ e t >i«m>w 

<ll>llilP)4 St^Hti 

^ ^ TO, TOBf C«^ 8TO 5 W Bt5»f TO=f ^ TO, ^T 3)^ C^tCTt 

9|J1% I %® ^ ^®im5KTO e t 2t%?11?f ^%®R ^ 31^ 

<s 3$l%p ^TOtlTO WV TO 1*TO% I 


■^sfr-io, #^%5pr- ssr-io^r («1*t 

















































































































ItHR'fiaH 


slfam '0|lc°1l4 ’ifNt I 

: k<f *lt« -5ifSf ^ ^tOTt <PNW, 95% ^1% 

'auMM>i*«i, 1 % ^iiwiRh wt, to, c^f^r, Wfi^r, toi<r, -^c>h ^t 
*uM, ^*tt?r, wn«*r i 

*M^: ^ *1l5$>M> 48 ^St?T 

C^ff^s (?R ’M^ 
cwf#r ^r *fcsi <rNt 

»*R s fi> ^»?r <p|c«l! 

toi ^S ^?r tof Ito ^i5c<p ^ <?r 
^ WS£*f ^j<ic«11<J> 2fm ^sJd® ^t ^ I 4*^ 

*ttw S<fi3<.«> c^stf^^pn 

(6-7) ^I*6t ^ *H's|fi5<.<P ttc® 

cwr <nfe to <m& 

■^1 <4<m *IMfi>M> (^iMlto^S ^T 
95 % ^«to 'oui*ic < pkc e i to* w^t 

^T * 11 vstfi> tof ^ i lirafa to ^ftfa ’Ttvslto 
'auMWl^n C«IW Wf *n^ 3P to 'flUWlf^H 

i ijxuJ-il iflvbloil* etMJ«uHc*q»kc«i 

to ^1^ w *mi*iR ^t*r to cfr^ fito 
«UMM>I*«1 ^ *IM to c5^ IU®^M» tolttH 
<#to® c<rc*f v®M fes i 

'oiiwif^H wt wtw ^to d^r wa, *n«ifl>?r to «rt^o 

*rc«r w ^ wft ^t TOit qw i 

tot^: flW <*PR 'ailttllf&H TOfa TOff ftftill* Wf «W 

c^ ^tCTT w i wst to ^o ^sx*t c^fNjdo * ^rr, 

wr *nsi* <£ ^spf ' j ii<.«ii<P'»i?cgr^ c t ^rf ^r £p^® ^t i ^ 

^t *m$ ^s w$ «ite.iiiTvbH to?it w %r ^t % c^ ^t TOit *rt^r 



ftifl 4.05: 3 1IC«1t4 J} 1>^5R <: 1 alfiPflUl. 
'0|lo er ll<l ^T v (f«^l < f'®lii ^t5l‘4>l 






















































































w i tof *tosto < rs \ ipre -5f«itH e^ 

w^i »iTO5 sfatto ^ ^rt^f^'t ^it cw si^o^ ^it ^spttotf i 

(a) vitals *$3 £c<)3 ^ll 5R.fi> (?R C^*f R»% ' 3 T s rcM st'K 'o|*s^lw ^ i 

(b) ^rr^tw *m w c *&^fir wto ^jtorfa 

(c) *lfNt Wl*I^H WlC* 6-7 ^Br <TNF® W 

(d) «UMM>fcW *IM|Bm» to W *Ml*lR ^t i 



i£T^^tW 


^tW: »il<.®il<M?ISfa e t sUfam csplwlf*pc*is *lfto i 

<ifto towt: vuiTh^b ^sRt^m « ^r *tM, «ijMwto, ^icafin 
wt, <#t, c*tf§tor, d>*> fito, ^hwh <ito, tofir i 

TS^ to* ^fe?T <rte# *IM 47FT iRT flto TOT 

*lMfi>M> *rtto to ^ i <#i *lMfl>w w to 

'ebHM»i^w to w*H ?ff *iF©ifi> tof ^ i *iMfi>«> ^r *ttto 

^ to vailcillf^H *ftFT ^ I ^tor iq^tCTRr ^J to W 

vsm *rf tof d>^> m* 'oul«ic<pK a i <£R° *lF5t tof dS 3 ^ fi>W<p tolBRr *flto© 
C3£*f voH to© I 

^ftEItto Wt ^iCTRr *lft O^lt ^fcft *IR5RT C^f ^jgf tsr^ %r <IT *tt7 
C^T ^T ^ftPlT ^wiwr i 

tod 1 ®: cMto s^v© <pmcsr i 

(jpiwito 5ft «it^m ^pf^sf to»it ftt ^p) *tot ftsfi \ ^s? ^r?c*t *tot 
to «iiMito «& to <it % c^ i 


*|Vs<Jv8| ; «UHC^|^C*1 *IMfliM» to ^ftlft W ^fSP# ^ BPSftl^ ^lOTT i 
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4.3 (Respiration) 


cate c®mt w eiQnit »*r* wi <?i cr^ ^pim ^ »*r* 

(R3; *t% -5 1T?T, <R R«:f^s Osn/IS, I 4 ->lH(.<^t^olf^s 


#^r Km '5«r, ^r^R, w»n k**k% 

ws *i%r 2 Wsr ^ i mm mvfc, K&fik 4 swr ^ w i 

Jikeil^siESRFR '*t^?lt «tl'oli) '5TC*1J *1%^ (Potential 


energy) W KM i *fnRR TOff ^s ^ *fR?R *|% #<f ^®R #<R R^IFR ^RJ 
W# ^ « ^t I ITO W #RR?3 *t% <jmt#PF ■*# (ATP) 

fct>l« ^*1^*1 ^ ^ 4<T? #?R W$ 2imw% -*1% (RRR i 

■*i^mrft?r *fRFR§ csnfH ^ <*r* £sr *4>ift4 w 
^?r I ^ ®f!o«i CTt’ttM SWW C0C8 ^R«T (Rtot ^tf^T® ^?T <*R* ^ 'stir's ^C?T 

-di>iiiifH<^ ■*i%® (atp) ^tpsf^s ^ i K\m*\ stf%fi> <tfk?j t^RRrfsi 24 

'^R O'U'® Sffi ^ 5 1 ^ vSlvgon^ ^^3 (*pl 'Q *tF®R '®|»g>R'a "tlW, ^fT 'Q 

^rsj^r^t) w Hrr ^r to c#t 1 r#* <?pteR 's 

■^R gtflRT R’PR ^?I I 4 &5R-RPTRf^ gtflRR ^1<1C1^ CTlf’fa ^llW^ lift's ^C?r ^R«T 

£JC<1J ‘ 5 tf?T e t'® <K3 <*R? ■*!% <K3 I 


4 . 3.1 Tpvtt st*mm 

WR ^FR ^%®fl?R W5f%r®m font's -^R^ TJstFt ^W ^ ^1 1 (R^ Km 

7RF® ^7R VS ^S ^5R| 

(Aerobic respiration): <R W 2t^?lR 2»R ^ ^ 

^5 (*R%, CSflfiH 1^tv5, s Ri?R ^SR i£|1^5) ^P^#nR etlR'® ^C?I C0 2 , H 2 0 

■*!% ^®T^ ^RH® '^ 5 R ^ 1 ^Rl^s '^R^ ^Tt 'Q 2JT%^ 

RNf<4 W diRT 1 7Rt^» 1TO RRfii^ >^<M<# 

C 6 H 12 0 6 + 60 2 ^ ta>l ' 8tl ^ .»6C02 + 6H 2 0 + *1% (686 k Cal / Mole) 

Sp*m 

w <£& ^ ^ >)4wii 3 6 ^ co 2 , 6 ^ 1 #^ 

38^ ATP l 


*0$br 
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C0 2 









f^l 4.06: stf^T 

(Anaerobic respiration): OT 
VSRI^-^T^TI 



'otW 


t%\®wfa etiR'o ^c?f RF»?i otM (^n^r wt®rc^t3®T, 

«Ul<tfB«> ^5 ^sflft), C0 2 WB ■*!% W, ■*SM=T ^T 1 



-► 


2 C 2 H 5 OH + 2C0 2 

%n^r 'euhwi^»i 


■*1% (56 k Cal / Mole) 


(3^«T ^ CWT <Wl<Kl>f^!, ^s#fas «|^|vs «JtW I 
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3V 


(a) ?T 4 t® TpKtt *5 

^FTt® W 2tH^ *rtC*T ^pp|^ ^ i qMflBHt 4W3T: 

*lM 1: tifec+Hfefiq (Glycolysis): 4^ sf^im 4® ®r<J |ptW (C 6 Hi 2 0 6 ) ftftsi 
ufouift* fifam wtft® w ^ ^ 4ft® (C3H4O3) ^*tsj 

®r<l atp (4<r w ^ ^ ^ ^m) 4 ^ ^ ^ nadh+h + ^ 1 4^ si^m 

'SMJ C<PlC*Hl 'OlfelC'SN.'IS Sic^l'ST-l ^ % ®T^ S|l$G<PN$ft»l ^Rl® 'Q ®Rl® 2|<t J l'Sl 

sm 1 aft«»Hftftc>M ftf^rawT c®n?Rt ^cstsimcsf ^ 1 


*lH 2: «lilfti5l^ C^t-4 ^R>: ^ sift ^ 4ft® 

*pftwfw c*tw 2 <M<wfaft$ 4<P ®r<J®IJlft^% c®r 4^l^-4 (Acetyl Co-A), 4® 
®r<l C0 2 4^ 4® ®l«t NADH+H* (®T«M NADH 2 ) W (®T<k ^ ^ 4ft® 

<*K® ^ ®uifti?$«i c^t 4rofc*r-4, ^ ®rj co 2 4^ ^ nadh+h* te**iu ^r) i 

4^ ^Stsimcsf ^ i 


3: W (Krebs cycle): Sir Hans Krebs 4 wfi> 

4^ (W w^lt ^ I 4 '0Ulft5|^»i Co-A ^Wt®%gtC® 2tw*t 

4^? <a*R i 4 ®c^ w ROMr - si%Sl®flj?rfc® ?f?^fi>® ^ i 4^ 

wa> <u<f ^r<j ®iiiftiJi$«i co-a ^ ®i^r ®i^®mit®, 1®=r nadh+h + , 4® wj 
fadh 2 4^ 4® wj gtp (ttMiwlftn ti^prc^) ^ i (Mte ^ ®r«i ®ulftSiVi co-a 

<?K® m C0 2 , 6 NADH+H*, ^ FADH 2 4^? ^ GTP ^ i) 


*fi‘ s t 4: z|^K's«i (Electron transport system): f®*# CT 

NADH+H* (ftsflft® NAD), FADH 2 (ftsftft® FAD) 4$ « OT^jFlT ^ 

ATP, *ftft, vSwHfes ^(.«i<p5 r i 4^° CSfllft i x l% 5 PPf^ 

£fat3®t3[3' W %?I SRtfl® OT ^ 2W 5 ? ®C?T (?$ ■*!% ATP I'oRc's ^J^® 

^ i 2 ^®w >iftd»i4>Rjiim ^^® ^?r (ffer: 4 . 06 ) 1 


c®m?t <mue * ct ^® w 2t%Tfm 4® wj ^ppff^:*i wtft® ^ 
^?I C0 2 ^ ’flft 4^ 38f& ATP <PW 1 Rwxi '5ti^ C*lfi> (TT^IcmI ^C«ll: 


w ’Pfm 


^jft®^8 



2 ^ 4ft® 

2 NADH+H + 

4 ATP 

2 'SPJ ATP 

6^ ATP 

2 ATP 


*o)1r 







































































2 ^ ®IJlPl&lVl Co-A 



*0lfW»T Co-A 2 ^ C0 2 

2 ^ NADH+H + 


4 ^ co 2 


2 M 'auiPftiVi 

Co-A 


4 ^ co 2 
18 M ATP 
4 ATP 
2^ATP 





38 M ATP+ 6 ^ C0 2 


1 NADH+H* NADH 2 


*- 3^ ATP 


1^[FADH 2 -► 2^ ATP 


l^GTP -► l^jATP 


(b) ^ 1 ® 4 |*im -*Ffa*5 ^t: 

# i m # ^Plt: 

*(H 1: ^C*ICM 'apppjjf «rtC*T ^ M ^ 4ft®, 

m ATP (4<f 'SIW ^ ^ ^ W ^ITC) ^ ^ NADH+H* ^*IJT ^ I ®1<fe 



4ft® «\< hv \ w ftwtft® ^ *mr ^ ^ ®mn 

RmmI ^t ^11 

2: *II$*]R>4 '501%®* Retinal: *lftrf>t*|1«fCT 4H«cl$t»M <M*N>lR'®l*l 

*n^fw ®uft® RstiR® ^bt co 2 ^i%r vsijHc<M4»«i ^ ®ijft® 



ct ^brsjK csnfrr « *1% ft*t® w, ®T ^4iw® *n^fw ®mft® csibf «iii<pR5<^ 
®0lft® W4Rt*1« ^im ^‘*ltWT?r ®HJ i ^%®fi>® 



~m ^i i ®rat® cto 4^ ®r$ ^c4ic«m 

2 ATP ’IT'GTrt ^ I 

4.3.2 ^ 8M4<M^* 

W 4^ *ltcsr i 

(a) 4 lRj 4 > JNW: 







































































V ° ##55R 

0) TORfat: 20° <to?m*R to ^ 45°c?to?tTO$’ic<R torito ?pr TO ?*c*r 
to i *w« toj torm 20 ° cwfaflR c«f^ 45 0 c>wf>Ri>i 1 

(ii) TO® 'WT *II^R»4 to® TO C0 2 « H 2 0 TO i TO5?^ 
qfallBtM* W5\K TO® TO t*kril40l$ ^TC® TO R I 

(iii) to: TOR® to TORI? W li>*llM> Rl®lto TO i fto WSJ 5 ® tott 

®rf®% to? $tori®c® w sitot to® to 1 

(iv) TO®it: -to toto torr *tc® *rt ^tw to to? cro toto $torf®c® 

^itost cron tor o 2 stro's co 2 ^®rt^t ?Rt to®? to to '^r ?r to$ cro ?R 1 

(v) ^14*1 ^-'oc*(l^'!»: <il^(.'© CC^-TO TO? <RC® CTOT '’SjTO ?R TOj^llfa *JR 1 

(b) TOF®fM sJ®R®: TOJ 5 ®^ 8|«R^Pit TOT: 

(i) *(l HJ*Mi: W SttoR TOJTO OTOto to C«C*t *1%, to 4?* C0 2 to® TO, ®R 
C<pIc*) TOfTOR *fam 'Q *RR 1 5|TO "TO PR«R 4>M i 

(ii) %TOTO: ipR 2ltoR TO® TOR? TOSto ^TOb® Rf|R®tC? ^RRSITO TO I 
®Ig«R TOSflto? to® ®R ®1to <R? l 

(iii) C®ftTO Wi: C®fc?, toR TO ®tTO C®tC? ctotTO? C#f TOP TO 

(.^kl <li)'* < P C®R C?C® '’SRC'R A.R c<il"t i 

(iv) tot? vR«t: C®tCR C®KRt TOT TO gfltTO® TO® ®?C?ra C®tCTO ^ « Rialto 

4?SRl®lfTO 1 TO? stflRT *lf?5l«RR 1 5RJC®tCTOf®®C?®ltst?TO c f TOC®TOl 

(v) «5|WlH to: tosj ^SRto to it^® ®?C® 4?? <*M®tRCTO ®l*f®lft®l fiRTO? 
^RJ *llft?l 2RRRRI 

4.3.3 *4>IW* ^ 

TO gJto?r $^*R to to #R? R? TOR? URt-toRt 4?? ®I$r 4 toblPl® TO I 
■*^T0I? 9 !® CC^^CR? 2RR TOT TO® ^TO? 'SRI >»il(.«il < P'»iSXgRC c t W® TO i 4 SfltRT 
toe? tot RRcf ’ttofR^ c t RRRI TO, R *IWl^elM ^to? ^fR ^?? ^RIRI ferto 

siHRt ?i^[ rur i cto toro? £fc?n^% ^ « to wfw «i@Rtc«iw 

RtCR I R®lt (RC^S *ttc? (3 Sttot #TO ^fR8 ^RR '^C? I 4 2l1tRT RR»5| ^“W? 
« ^5R 4to^3jtoRTO^^RRTOMtoro*RjRjte?toTO^RTO^tTOi 





























































































<u!<ki>9*iI qfoicartrui *llcsr ^Ti 4W?r *t% ^*n*fpRr 

w i i£i siHssm 'auhwi^n ^r, ^ ftfar f 5 !^ w® i 
*ui<t>fi5<p ^twr to stem *ifi?r ^sj# fcvnfas *jr i # tefe 

<4 slfrtil w ^ i 'oi^l'o '^ J 1 C*i'fl <pc®i ' 2 |jl®ic<pi?. e i C0 2 <5 tTt 3 T ftsR "^TI ^ C0 2 
^ I’fra t'8'SW ^ I 





^tW: W sOfam fafatfTCT *tffat i 

ijfi> sTfcSftlFH 5 , «llc.4lt»ii5ln, ?lfat?r 'oi’ojR'o C^Tt ^ 10 % 

QPftfeB Wt i 

^fi> q|tffi*lt*W **F 

« 'SMjfi>w> ‘*r c®n^r sja i **• 
f&f^© «iwfiipn?^ *ttfTO f^ 

wsjf^s feo 

-slHI-sl <pc<A 'W 

atm *<HchH jplc*w «tM 
<PGS ^ <PW foe's I ^Rf^^nsgs^vs 

10% ffco 

c^I#s gwt 10 ^fior c*rc*r 

‘*r fsf^s ipn?^ to «£Rc 

<pc<m w f^t?i ^R>cii 

iplC,*M ^ wlwlwlw ^ite to I 
<*r^m « ‘*r fpf^o «nc#fl»i?r srmfi* ^<wr to cp^f ipt^ (%c*\ 

ft[G5~S!H\ 

9 f<C^ e t: ^CW vBt *BT (FNT ^ ‘^’ ^HSflPlSlWH *ltW ‘*t’ 

Pw*®: «insfi^iw<i ^sff^s «it^m ^T sfer ^<Ul^ qiw 

^ *n?r i **r *ic*« c^it^it 



^T-ii, 4fl«R'aeH- ^-io^r gsjR 
















































































































csptal$>!j 'SjRc*! CT'S^ilcs %Sf?(Plt (Sterilized) 3,0*1 TrT?T i 1 5pH 

Slfofll <ul3>® '^'QUlTr ^T < t 5 Tt3It ^T < lR<lI'®'S «llc<P I 

1. *1^ ^Nffs "3W C*H JIG'Sst 'SnagsR'o ^ i 

2. W*tfi> PR fkBBT ^HNtFT i 


(?) ^ 51 ^%# 



1. JiiG®ii<pji\CsR e t <pIg<p <10*1? ' 5 Tt*uc s r pRt'Q i 

2. Jilccil-^JivCglwR ^IbRM #1 "#? 

3. w W? ^WJW PRt«? 

4. J llo®ll^ aj 1?C5f^ c f 'Q ^1? 

5. ^s ti ^s ’SIW »N^T PR l 



r) *Mlvm sq 


1. 

2. ^J10*1*1 'S|lG«lll>*l! ^?T I 


i?r ^jRn ^ i 


Sj^f 

1. *llMl4»*KCS|»H ^S ^ «5Rf6? 

*1# *1. 

’t. '0|fe|G'8t*1 ^f. <Pl4*1 T5l^-'0|Silk'S 

2.4HM4 JH^H^PT Sifam w ^ ATP Mt ^3? 

^.4 «f. 6 

«t. 8 18 



$o:>lr 


























^ 3 « 4 stesfa 

3. fto A « B 'S'oum 

i. 0 2 W 

ii. H 2 0 'R’fal 

iii. C0 2 

i « ii *1. i 'Q iii *t. ii 'Q iii ^T. i, 

4. tor x-4 si&iiifli- 

i. %»^r w 

iii. iw <!Jfflsa 

to? 

■^. i 'Q ii , *T. i 'Q iii ’t. ii 'S iii ?. i, ii 'Q iii 



b-'O 



fist Y 


1. 

?>. 4 Pi Ob <1 ^t? 

*1. <5C?W1?? 

’t. tor a ^hhHJ ftsf? ?ce^ ^st ?iMJt w i 
?. to A $**iw ?iWs ^tor 

filfoliNl ^]R> 3.C4 ^5t Pcsf? 6 ! ^>? I 

2 . *t*l? calffi? to*lt ’ttw? c^» ^ i «11 to »*ifct ^ 

4*^1$ “if^ C*lMI?| I '614 c^|t> c 4H 'Slcxp Sf3t <PC^, ’11^ <4S ?'Q4l4 «T*U “Ifa #tw Hill? C^T 

^t? c^to ^i?r, «it^e w «itoi? c«fc^ *i% «n? i 
?*. to*n^Pr*r ^? 

?. C 4 ASIC'S # C4M?? 

*t. to"ll? ^ %*IWPBT 2 C«J^ C^r W *tto®r *1% ?? W? 

'stfWT ?JW3t WI 

. ?. t§$ SlQtiillb ?t*lT£p\© ^CsT 3§tot? 'SfCTJ ■# STat? C«P«1C4 '©t ttoW ?>?1 

«a 





0LXI 







































